A skin graft is a process in which the skin tissue is taken from the donor site and placed over the graft site. The engraftment of a skin graft is influenced by many diverse factors and the revascularization stage, which occurs within 24-48 hours after grafting, is known as the key point for the long-term success of grafting. Therefore, it is important that the graft is fixed without any movements at this stage. To date, the existing method of bolster dressing in parallel with application of a splint is used to limit the movements of the grafted part and for effective fixation. However, if a splint has been applied, it can produce pain or discomfort in the patient, and if grafting is performed on the curved body parts like the neck, shoulder, breast, hips, and axilla, it is difficult to shape the split to fit the body curve. Therefore, this research attempted to achieve an effective result of negative pressure wound therapy without applying a splint after skin grafting on the wounds on the contours of the body and to report this new method.
Introduction
A skin graft is a process in which the skin tissue is taken from the donor site and placed over the graft site. The engraftment of a skin graft is influenced by many diverse factors and the revascularization stage, which occurs within 24-48 hours after grafting, is known as the key point for the long-term success of grafting. Therefore, it is important that the graft is fixed without any movements at this stage. To date, the existing method of bolster dressing in parallel with application of a splint is used to limit the movements of the grafted part and for effective fixation. However, if a splint has been applied, it can produce pain or discomfort in the patient, and if grafting is performed on the curved body parts like the neck, shoulder, breast, hips, and axilla, it is difficult to shape the split to fit the body curve. Therefore, this research attempted to achieve an effective result of negative pressure wound therapy without applying a splint after skin grafting on the wounds on the contours of the body and to report this new method.
Methods

Materials
Through investigation of the recording, the testing group included 106 patients, who
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were hospitalized at Department of Plastic Surgery of Hanil General Hospital from January 2014 to July 2017 and underwent negative pressure wound therapy parallel to the grafting part. This paper investigates gender, age, part of surgery, cause of injury, underlying disease, size of the surgical area, complications after surgery etc.
Surgical methods
Operations were performed in the same manner in all of the patients. First of all, the grafting part was collected by using a dermatome (Zimmer ® , Air dermatome, Zimmer Surgical Inc., Warsaw, IN, USA) from the thigh at a 10/1,000 inch thickness. After placing the meshed graft on the receiving part, in which the margin tissue had been eliminated, it was fixed by using a stitching fiber and a medical stapler. For better release of the hematoma or exudation, Mepitel ® (Molnlycke Health Care, Box 13080, SE-402 52 Goteborg, Sweden) was applied on top of the graft and then, the antibiotic ointment was applied. Lastly, for negative pressure wound therapy, the V.A.C.™ system (KCI inc., San Antonio, USA) and Curavac system (CGBio, Sungnam, Korea) were used in operation.
Immediately after the operation, the pressure of the vacuum pump was set to 75 mmHg in a continuous mode for decreasing bleeding when there was active bleeding. When there was no active bleeding and exudation and it stabilized, the pressure was set to 100 mmHg for promoting absorption exudate and bleeding. After that, negative pressure wound therapy was maintained for 3 days, if there was no complications such as pain, and bleeding.
Results
All of the 106 patients underwent negative pressure wound therapy after skin grafting, and among them, there were 66 male patients and 40 female patients. With respect to the injured areas, the face was involved in 1 case, the neck was involved in 2 cases, the anterior chest including breasts was involved in 6 cases, the shoulder was involved in 1 case, axillae were involved in 2 cases, the back was involved in 1 case, the arm was involved in 8 cases, the hand was involved in 3 cases, the sacrum was involved in 1 case, buttocks were involved is 3 cases, trochanteric area was involved is 2 cases, the thigh was involved in 9 cases, the lower leg was involved in 27 cases, the foot except for the toes was involved in 30 cases, and the foot including the toes was involved in 13 cases. The average size of the operated wound area was 68.4 cm 2 , and among these areas, the maximum size was 625 cm 2 . With respect to the cause of injury, scalding burns occurred in 60 patients, contact burns occurred in 20 patients, flame burns occurred in 8 patients, electrical burns occurred in 5 patients, a chemical burn occurred in 1 patient, a pressure sore occurred in 4 patients, skin defect occurred in 6 patients, and burn scar contractures occurred in 2 patients. With respect to the underlying disease, which the patients had before the accident, hypertension was noted in 23 patients and diabetes was noted in 21 patients. There was 4 cases of active bleeding, 5 cases of minor hematoma, and 2 cases of partial loss of the graft part as complications after grafting ( Table 1) .
Case 1
A 29-year-old male patient, who had no underlying disease, injured his neck area by coming in contact with heater fire.
Afterwards, split-thickness skin graft was performed over this skin area and negative pressure wound therapy was simultaneously performed. At three days after surgery, the vacuumassisted closure was removed and it was confirmed that the skin graft was well fixed without any distinct hematoma and exudate (Fig. 1) . He recovered with the disinfection and antibiotic treatment without any loss of graft.
Case 2
A 59-year-old female patient, who had no underlying disease, injured her anterior chest including the left breast with boiling water. A split-thickness skin graft was performed in parallel with negative pressure wound therapy. At three days after 
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surgery, the vacuum-assisted closure was removed, and the skin graft was well-fixed without any hematoma or exudation (Fig. 2) .
Disscusion
Skin grafting occurs over a maximum period of 1 year and it includes the processes of serum imbibition, revascularization, and maturation. Among these processes, revascularization is one of the most critical factors for the long-term success of grafting [1] . If a hematoma or exudation under the graft occurs or there is any indication like an accompanying infection because of improper fixation of the skin graft, it could cause graft loss [3] . Therefore, it is important to limit the movement and to fix the skin graft within this time period. In order to achieve this, a bolster dressing and fixation of a splint have been mainly used until now. Bolster dressing, which fixes directly on the skin graft, has an effect, which prevents loss of the graft by a hematoma or exudation. However, there are some shortcomings as the narrow surface and wounds on the contours of the body like fingers or toes are difficult to disinfect and the hospitalization period could be prolonged [4] . Fixing of the splint can secure the skin graft by limitation of joint movements in case of a skin graft placed around the joint area. However, it is difficult to apply a splint precisely to the wound on the contours of the body like the neck, shoulder, breast, hip, and axilla. A imprecisely placed splint can cause pain in patients and there is a risk of development of a pressure sore. Also, the splint can limit light movements of patients in daily life [2] . Moreover, if the fixation of a splint is not properly performed, there is more risk of graft loss because of the improper fixation of a skin graft. Therefore, in this research, we attempted negative pressure wound therapy in parallel with skin grafting, which can lead to proper engraftment of the skin graft, to overcome the existing disadvantage of the dressing treatment. Generally, application of negative pressure wound therapy to the wound reduces the number of bacterial colonies and improves the cell-mediated immune reaction. It also helps in recovery of the wound by decreasing the vascular permeability, assisting in vascularization, decreasing exudation from the wound, and stimulating the formation of granulation tissues [5] .
When negative pressure wound therapy is performed on the graft, infection, which has an influence on failure of skin grafting, can be controlled because bacterial multiplication can be restrained. Therefore, it can reduce the loss of the skin graft [6] . In this research, there was no case of loss of the graft due to infection. Moreover, grafting can be performed smoothly by increasing the blood flow in the grafting area by performing negative pressure wound therapy. Compared to the existing dressing treatment, it can decrease the loss of graft due to better fixation of the graft because exudation and hematoma are easily absorbed [4] . And it is more comfortable than bolster dressing because of its easiness to apply on wound. As a result, the length of treatment on operating room can be reduced [7] .
For negative pressure wound therapy, polyurethane foam is used. By elimination of air in the polyurethane foam, it will be condensed and will induce an effect to compress the graft. Due to this reason, we achieve the effect of decreasing the dead space on the curvature of the body, which exists under the polyurethane foam. Also, it can be applied on the large burn area that is difficult to use conventional bolster dressing [2] . Therefore, when negative pressure wound therapy is performed, we achieve the splinting effect without applying the splint [8] .
When negative pressure wound therapy is performed in parallel with skin grafting on the wounds on the contours of the body, the patient satisfaction rate increases because of increased patient mobility and it can achieve an effect, which increases the convenience for the medical team because of better convenience in comparison with the existing dressing treatment. In addition, postoperative-management becomes more convenient than that with the former procedure and the hospitalization period is reduced [6, 9] .
If the grafted skin is dressed by the former bolster dressing after skin grafting, the failure rate is generally reported to range from 15% to 30% [10] . In this report, the rate of partial loss of the graft was about 2% with negative pressure wound therapy after fixation of the skin graft, and all of the patients were discharged from the hospital without any reoperation.
Recently there was a case, in which the hospitalization period was shortened by increasing the graft success rate with negative pressure wound therapy after split-thickness skin grafting in comparison with the former treatment [10] . Former researches have reported the effectiveness of performing negative pressure wound therapy in parallel with skin grafting. But this research attempted to report the utility of performing negative pressure wound therapy in parallel with skin grafting on the wounds on the contours of the body, which are difficult to care for by applying a splint and the existing dressing treatment. Negative pressure wound therapy can be performed with donor site dressing by local flap coverage and other variable flap coverage methods [11] . Therefore, in the future, the effect when negative pressure wound therapy is performed in parallel with other operations except for a skin graft should be discussed.
Conclusion
When negative pressure wound therapy is performed in parallel with skin grafting on the curved body parts, the engraftment of the skin graft is better than before and the loss of the graft is further decreased than the case in which the existing dressing treatment is used. Moreover, patients could be satisfied due to better mobility after negative pressure wound therapy and the effectiveness of the medical team is increased because the dressing is easier than with the former method.
